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Simulation study of electromagnetic field distribution when combining TMS with EEG
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Abstract: Objective To analyze the distributions of magnetic induction intensity and induced electric field intensity in the
combined action of transcranial magnetic stimulation (TMS) and electroencephalogram (EEG). Methods The finite element
multi-physics field simulation software COMSOL was used to model the 3-layer concentric spherical human head, TMS coil
and EEG electrodes. The differences in magnetic induction intensity and induced electric field intensity of the human head
model with and without brain electrodes are compared and analyzed in the presence of TMS coil. Results The magnetic
induction intensity and the induced electric field intensity were changed at several specific points in the head after the
placement of brain electrodes. The magnetic induction intensity had a maximum change up to 19.19%, and the maximum
change in induced electric field intensity was 75.33%. After the placement of brain electrodes, the maximum magnetic
induction intensity of YZ longitudinal section of human head was decreased by 7 mT, and the maximum induced electric field
intensity was decreased by 0.6 V/m. Both the three-dimensional magnetic induction intensity and the induced electric field
intensity at the brain were decreased gradually with the increase of depth. After the placement of brain electrodes, the
maximum magnetic induction intensity and the maximum induced electric field intensity in the brain tissue were decreased
by 1.4 mT and 0.13 V/m, respectively. Conclusion When TMS and EEG are combined, the placement of brain electrodes at
the human scalp will change the electromagnetic field distribution, indirectly affecting the therapeutic effect of TMS.
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Figure 1 TMS-EEG technology
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Figure 2 Three-layer concentric spherical head model
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Figure 3 Schematic diagram of TMS circular coil
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Figure 4 Diagram of electrode structure
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Figure 6 Schematic diagram of 10/20 electrode arrangement
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Figure 7 Several specific points in the head
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Table 3 Magnetic induction intensity at several specific points
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Figure 8 Magnetic induction intensity distributions in YZ section of the head without (a) and with (b) electrodes placed
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Figure 9 Three—dimensional magnetic induction intensity distributions of the brain without (a) and with (b) electrodes placed
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Table 4 Induced electric field intensity at several specific points
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Figure 10 Induced electric field intensity distributions in YZ section of the head without (a) and with (b) brain electrodes placed
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Figure 11 Three—dimensional induced electric field distributions of the brain without (a) and with (b) electrodes placed
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Table 5 Maximum electromagnetic field value on some EEG electrodes
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Figure 13 Magnetic induction intensity distributions of all EEG electrodes (a) and the Cz electrode (b)



- 376 -

N e

5540 %:

16.2 V/m

16
14
12
10
1® @ ® ®v 38

6
4 [ 3 4

2
5.69x107° V/m

.33x107 V/m

14 £IBEEG B (a)Fl Cz LR (b) B RR R FL IR SR 5376
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